The purpose of this study was to describe the physical activity level of adolescents with cerebral palsy (CP) and to investigate the associated factors. The physical activity level was measured by means of a questionnaire filled in by the parents of 72 adolescents with CP (12-16 years of age) and expressed in METs. Older age, female gender, and hip dysplasia were significantly associated with a lower level of physical activity. Eighty-nine percent were not physically active enough according to the Dutch norm. Physical activity needs to be promoted, especially among older adolescents with CP (age 14-16 years), girls, and adolescents with hip dysplasia.
factors at the level of the child, the family, and the environment and is based on an extensive review of the literature. In previous studies investigating the physical activity level in children with disabilities, a relationship was found between physical activity and age and gender. 4, 9 Little is known, however, about the physical activity level and the determinants of physical activity in adolescents with CP. In healthy children, the physical activity level decreases during adolescence, 12 and it is important to know whether this decrease in physical activity also takes place in children with CP. Knowledge about physical activity levels and associated factors could facilitate the development of programs for the prevention of inactivity and possible secondary complications. Therefore, the purpose of this study was to investigate the physical activity level and associated factors in adolescents with CP.
Methods Participants
The current study was a cross-sectional analysis of the fourth measurement in a 3-year longitudinal cohort study. In this prospective study, we included all known children with CP in rehabilitation centers, hospitals, or special schools in the northwest region of the Netherlands. 13 Exclusion criteria were insufficient knowledge of the Dutch language and the presence of additional disorders that have an important and lasting influence on movement skills. For the current study, we excluded children who were dependent on an electric or attendant-propelled wheelchair. The study protocol was approved by all the regional medical ethics committees. Written informed consent was obtained from all parents and children.
A total of 72 adolescents with CP were included in the current study (46 boys and 26 girls; 12, 14, or 16 years of age; 50% had unilateral involvement of the limbs).
outcome measures
The physical activity level was measured by means of questionnaires filled in by the parents.
Information was gathered on organized and nonorganized sport activities and cycling outdoors (including hand cycle and tandem), as well as the type of physical activity and number of hours spent on sports a week. Physical activity can be described as the energy expenditure expressed as METs (metabolic equivalent). One MET is defined as the energy expenditure at rest. Ainsworth et al. 14, 15 created the Compendium of Physical Activity to classify the intensity of different physical activities with METs. In the current study, we used the MET values to describe the physical activity level of adolescents with CP. It should, however, be noted that the resting and activity energy expenditure are higher in children with CP than in able-bodied children, 6, 16 so the MET values should be interpreted as a measure of intensity of the different sports activities rather than as an exact measure of energy expenditure. The METs × hr/week was calculated from the information on type of sports and hours spent on sports in a week.
One standardized question about cycling was included. The children, together with their parents, were asked whether they never, seldom (< once a week), sometimes (one or two times a week), or often (≥ 3 times a week), rode on a bicycle, tricycle, hand cycle, or tandem.
We also gathered information about the hobbies of the adolescents.
Associated factors
Child factors. The severity of CP, limb distribution, epilepsy, hip dysplasia, and selective motor control were analyzed as disease characteristics. The severity of CP was classified according to the Gross Motor Function Classification System (GMFCS). The GMFCS is a five-level classification system according to age, in which distinctions between the levels of motor functioning are based on functional limitations, the need for assistive devices, and, to a lesser extent, quality of movement. 17 GMFCS levels are as follows: Level I, children who walk indoors and outdoors and climb stairs without limitations; Level II, children who walk indoors and outdoors and climb stairs holding onto a railing but experience limitations in walking on uneven surfaces and inclines and walking in crowds or confined spaces; Level III, children who walk indoors or outdoors on a level surface with an assistive mobility device; Level IV, children who might maintain the levels of function achieved before the age of 6 or rely more on wheeled mobility at home, at school, and in the community; Level V, physical impairments restrict voluntary control of the child's movement and ability to maintain antigravity head and trunk postures. Because of small groups in GMFCS Levels II and IV, the participants in our study were subdivided into two categories: adolescents without walking aids or a wheelchair (GMFCS I and II) and adolescents with walking aids or a wheelchair (GMFCS III and IV). Limb distribution in CP was subdivided into two categories:
unilateral or bilateral involvement of the limbs. Adolescents with repeated seizures during the previous 2 years were defined as having epilepsy. Because hip dysplasia is a potentially limiting factor for physical activity, the parents and their children were asked if an X-ray of the hip had been made and whether the most recent X-ray showed any abnormalities.
To measure selective motor control (SMC), the adolescents were first asked to extend the knee and second to dorsiflex the ankle of each leg in a sitting position on a bench without support for the feet. The following scores per leg were possible: 0 = no selective movement, only synergistic movement; 1 = diminished selective movement (in the first range selective movement and later on synergetic movement); and 2 = full selective movement during extension of the knee and dorsiflexion of the ankle. 18 Knee and ankle movements were scored separately. The scores for the two legs together produced a total score ranging from 0 to 8.
The total scores were then subdivided into three categories: poor SMC = total scores 0, 1, or 2; moderate SMC = total scores 3, 4, or 5; good SMC = total scores 6, 7, or 8.
The personal factors that were measured were age at the date of measurement, gender, perceived competence, and global self-worth. The scales for perceived competence and for global self-worth were derived from a Dutch version of Harter's Social Perception Profile for Children (SPPC) 19 and Harter's Social Perception Profile for Adolescents (SPPA), 20 as developed by Vermeer for the assessment of children with CP. 21 The scales for global self-worth, physical appearance, scholastic competence, social acceptance, and sports competence, which were included in both the SPPC and the SPPA, were expressed as a percentage of the maximal score and used to determine its relationship with the physical activity level.
The following body functions and structures were assessed: body mass index, muscle strength, and physical complaints. To obtain an estimation of overweight, body mass index was calculated for adolescents whose height and weight could be measured. Adjusted for age and gender, the body mass index was dichotomized into normal or overweight. 22 To obtain a functional estimation of muscle strength of the legs, the adolescents were asked to squat eight times (support for balance was allowed). They were subdivided into two categories:
sufficient strength = they could squat at least 8 times, and insufficient strength = they were unable to squat at least 8 times. The physical-complaints scale of the TNO AZL Child Quality of Life was used to measure physical complaints.
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Family factors. The following family factors were assessed: brothers or sisters and marital status and education of the parents. Questions were asked about the number of children in the family and the marital status and education of the parents (subdivided into normal or higher education for analyses). Education was considered higher education if the parent had completed preuniversity education or had graduated with a bachelor's or master's degree.
Environmental factors. The environmental factors that were assessed were: sufficient facilities for sports and leisure activities and type of school. Type of school was subdivided into two types: normal and special schools. Schools providing any form of education for disabled children, children with a cognitive impairment, or severely (cognitive and physical) handicapped children were classified as special schools.
data collection
All the adolescents and their parents visited the department of rehabilitation medicine at the university medical center. During the visit, a trained researcher gathered information about current health status, epilepsy, transportation, cycling, and type of school; classified the children according to the GMFCS; and carried out the physical examination. At the same time, the parents filled in the questionnaire concerning the physical activities of their children.
data analyses
METs × hr/week for sports and cycling were included in the analyses as dependent variables.
For cycling, we assumed that cycling one or two times a week was equal to half an hour of cycling and three times or more a week was equal to 1 hr of cycling a week. From this information and the METs for moderately intensive cycling (6 METs), 14, 15 the METs × hr/ week for cycling was calculated. Subsequently, this was added to the METs hr/week for sports to calculate the total amount of physical activity.
The Dutch norm for physical activity 24 was applied to assess whether these adolescents with CP engaged in enough physical activity. According to this norm, which is based on international guidelines, 25, 26 children should be moderately active for 1 hr each day, 7 days a week. In the Dutch norm for physical activity for children (up to 18 years of age), moderately active is defined as 5-8 METs, so the children should be active for at least 35 METs × hr/ week (7 days × 5 METs).
statistics
The statistical analyses were performed with SPSS software, version 12.0. Descriptive statistics were used to summarize the physical activity level. Most of the potentially associated factors (independent variables) were dichotomized as described previously. Age group and SMC were included as categorical variables using dummy variables. 27 Univariate analyses using the METs × hr/week and each of the independent variables were performed to preselect (p < .1) the variables that were added to the multiple-regression model. Subsequently, a forward linearregression analysis was performed.
results

Participants
Descriptions of the 72 participants are presented in Table 5 .1. The adolescents were 12-16 years of age; most of them were classified in GMFCS I (n = 50), 6 in GMFCS II, 10 in GMFCS III, and 6 in GMFCS IV.
sports and cycling
The sports that were performed most frequently were swimming (25%), soccer (24%), and horseback riding (17%; Table 5 .2). The hobbies were mainly inactive hobbies such as computer games (72%) and reading (25%). The only hobbies mentioned by the adolescents in which they were somewhat physically active were music (1.8-4 METs, 14%) and Boy
Scout activities (no MET value mentioned in the compendium, 6%).
Descriptive results concerning physical activity are presented in Table 5 . Mean METs hr/week for cycling was 3.9 (SD 2.4), and for sports and cycling together, it was 17.8 (SD 16.4). When cycling was added to the METs × hr/week, 11% met the Dutch norm for physical activity.
Associated factors
Age, gender, sports competence, and hip dysplasia were selected for the multiple regression analyses. Table 5 .4 shows the final multiple-regression model of the METs × hr/week for physical activity. In this model, age and gender were significantly associated with physical activity, expressed in METs × hr/week, explaining 15% of the variance. Older adolescents and girls had significantly lower levels of physical activity, which is shown by the significant negative regression coefficients for age 14 and 16 (11.2 and 10.4 METs lower activity level, compared with age 12, respectively) and the positive regression coefficient for gender (9.1 METs higher activity level for boys). For a subgroup for whom a hip X-ray was available (n = 62), age, gender, and hip dysplasia explained 26% of the variance in physical activity. In this model, older adolescents, girls, and adolescents with a hip dysplasia had significantly lower levels of physical activity, which is shown by the negative regression coefficients for age 14 and .26
Age 12 years is set to zero (reference category); B, regression coefficient; CI, confidence interval.
16 (7.8 and 9.4 METs lower activity level, respectively) and hip dysplasia (9.9 METs lower activity level) and the positive regression coefficient for gender (9.5 METs higher activity level for boys). In the subgroup of adolescents (n = 60) in whom perceived competence could be measured, sports competence was the only significant factor associated with METs × hr/ week (B = 0.32; p = .02), explaining only 9% of the variance.
dIscussIon
The results of this study indicate that a large percentage (78%) of the adolescents with CP participated weekly in sport activities. According to the Dutch norm for physical activity, however, 89% were not physically active enough with sports and cycling. According to the same norm, 71% of healthy adolescents in the Netherlands age 12-17 years are not physically active enough, 28 although 79% participate in sport activities. 29 The norm was based, however, on all daily physical activities of healthy Dutch adolescents, whereas the current study only focused on sport activities and cycling. We included cycling because it is part of daily life in the Netherlands, and it is an accessible activity, even for children with a more severe disability. Although there is some uncertainty in the calculation of METs from our cycling data, it does provide relevant additional information about the physical activity level of adolescents with CP. A bicycle is usually used for middle distances, and that can easily be 15 min on a bicycle. Therefore, the assumption that cycling one or two times a week is equal to half an hour and cycling three times or more a week is equal to an hour seems appropriate for the Dutch situation.
Hallal et al. 1 concluded in a recent literature review that sedentary behavior during childhood and adolescence and poor physical fitness during adolescence were both found to be associated with poor adult health outcomes. Therefore, on the basis of this information and the results of our study, it seems essential to stimulate adolescents with CP to be physically active, especially the 22% of adolescents who do not participate in any form of organized or nonorganized sports.
Furthermore, multiple linear regression showed that older adolescents, girls, and adolescents with hip dysplasia had significantly lower physical activity levels. The same results for age and gender have been found in several other studies of children with and without disabilities. 4, 9, 12 Maturity status, which was not measured in any of these studies or in the current study, might partially explain the lower physical activity level in girls. A surprising finding was that the severity of the cerebral palsy (GMFCS I/II and III/IV) was not associated with the physical activity level. Although they participated in other sports activities, the adolescents who used walking aids or a wheelchair had the same physical activity level as those who did not. It should be stressed that the skewed study population (almost 70% in GMFCS I) could have influenced the results. In addition, no significant association was found in this study between the physical activity level and family or environmental factors. This is in contrast with the findings of King et al., 11 who reported an influence of both family and environmental factors on participation in recreation and leisure activities based on their review of the literature. It is also striking that perceived sports competence was the only factor associated with the level of physical activity in the multiple-regression model for the subgroup with a higher cognitive level for whom perceived competence could be measured. This finding is consistent with that of Raudsepp et al., 30 who reported that the best predictors of moderate to vigorous physical activity in children and adolescents were sports competence, physical self-worth, and perceived strength competence. In our subgroup, sports competence was found to be a more important determinant of physical activity level than age and gender.
The association that was found between sports competence and physical activity level, however, might be explained by gender differences in perceived sports competence. The self-perception of boys with regard to sports competence is higher than that of girls, 30 which could be the reason why the factor gender was no longer associated with physical activity level in this multiple-regression model.
It should be noted that the physical activity expressed in units of METs × hr/week used in this study does not reflect real energy cost in children with CP because the compendium MET levels are applicable for adults but not for children. 14 Harrell et al., 31 in their study on energy costs of physical activities in children and adolescents, found that resting energy expenditure in children was higher than in adults. They also found, however, that the ratio of activity energy expenditure to resting energy expenditure in children was comparable to that in the compendium of Ainsworth et al. 14, 15 Nevertheless, we do not know whether this also applies to children with CP. A higher resting energy expenditure in children with CP, compared with able-bodied children, has been reported. 16 It is also known that children with CP have a higher energy cost during walking than their healthy peers, 32 and it is expected that this also applies to other physical activities. Because of these uncertainties, METs × hr/week should be considered as a measure of intensity for different sports, rather than as an exact measure of energy expenditure in this study. The large standard deviations found for METs × hr/week for sports, as well as cycling (see Table 5 .3), are indicative of a large intersubject variability. Further research should be carried out to investigate the energy expenditure expressed in METs of healthy and disabled children during several different types of sport.
One limitation of this study that should be mentioned is that physical activity was measured on the basis of self-reports and not with performance-based methods or doubly labeled water. 6 It is fairly typical that physical activity is overestimated in self-reports, 6 and this would imply that the low levels of physical activity found in this study are actually even lower in adolescents with CP. Other physical activities such as physical therapy, gymnastics at school, or job activities of the physical activities of children with CP.
In conclusion, adolescents with CP are not physically active enough with sports and cycling.
Therefore, special programs might be needed to promote physical activity, especially among older adolescents, girls, and adolescents with hip dysplasia. The promotion of physical activity in children with CP has recently been recommended by Damiano, 5 who also states that activity can and should occur in everyday settings whenever possible. For children with hip dysplasia, special attention should be paid to finding alternative sport activities, for example, hand cycling, which is less straining for the hips but does improve physical fitness.
